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Abstract 
In this paper, we present our experimental research on a power pack based on operating conditions of the linear 
engine and the linear generator structure for generating electric power. The power pack used in the study consisted of 
a two-stroke free-piston linear engine, linear generators, and air compressors. Each parameter of input caloric value, 
equivalence ratio, spark timing delay, electrical resistance, and air gap length were settled for identifying the 
electrical power generation of the linear engine. The linear engine was fueled with propane, and in the course of all 
its operations, intake air was inputted under the wide open throttle condition. The air and fuel mass flow rate were 
varied by a mass flow controller and premixed by a pre-mixing device. The premixed gas was then directly supplied 
into each combustion cylinder. The experiments confirmed that power generation was induced differently for each 
respective operating condition. The maximum generating power was found with the value of 111.3W, where the 
operating conditions were as follows: 1.0 of equivalence ratio, 1.5ms of spark timing delay, 30Ω of electric 
resistance, and 1.0mm of air gap length. 
 
© 2014 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE 
 
Keywords: Linear engine, Linear alternator, Spark timing delay, Equivalence ratio, Air gap 
1. Introduction 
The crisis of global warming and shortage of fossil fuels are being a motivation for the scientists as 
well as the institutes to develop new energy conversion devices and environmentally friendly fuels. One 
of the methods to solve the crises is using a free-piston linear engine (FPLE). A free-piston linear engine 
is considered to be a crankless internal combustion engine with free motion of piston in cylinder. In terms 
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of structure, the engine consists of two main components: the free-piston engine, and a linear alternator. 
Unlike conventional engines with a crankshaft mechanism, the combustion process of the FPLE can be 
optimized through the variable compression ratios [1]. Besides, the variation of compression ratios in 
FPLE also allows the engine to operate with various kinds of fuels as well as HCCI combustion [2]. In 
general, the FPLE can be classified into three types including single piston, dual piston and opposed 
piston [3]. Of there, the dual piston engine has a higher power/weight ratio than others [4]. Two kinds of 
linear alternators used in the FPLE are tubular-type and flat-type linear alternators. Therein, the flat-type 
linear alternator is rarely used in FPLE, although it has higher efficiency, output voltage, and current [5]. 
There were many previous studies for the dual piston engine [6,7,8,9,10,11], however, most of these 
studies focused only on simulation as well as numerical analysis. Therefore, an experimental research is 
needed to conduct on the dual piston engine to find out how is the operation of the engine changed under 
real operating conditions.   
This paper presents an experimental research for a power pack using a dual piston free-piston engine 
combined with the flat-type linear generators. Therein, the effects of the main parameters on the electric 
power output of the linear engine are investigated. The linear engine uses propane as a fuel, because 
propane has a high octane number and can be easily mixed with air.  
2. Experimental apparatus 
The experimental apparatus consists of the free-piston engine with kind of dual piston, flat-type linear 
generators, sensor parts, engine control parts and data acquisition parts. Fig 1a and Fig 1b show the 
photograph of experimental system and schematic of the free-piston engine, respectively. The free-piston 
engine has a bore of 30mm, effective stroke length of 18mm and maximum stroke of 31mm, as shown in 
Fig 1b. To start the free piston engine, the linear generator will operate to drive the free piston engine 
through the connecting rod system. This stage is called the motoring mode. After certain frequencies, the 
spark plugs are activated, and the combustion process will occur alternatively at each cylinder, forcing the 
connecting rod to move back and forth. The movement of the connecting rod will generate current in the 
wires due to the changing magnetic flux linked with the wire in the stator. This stage is called the firing 
mode or electric power generation.  
            
               (a)                             (b) 
Fig. 1. (a) A photograph for experimental system; (b) A schematic of the free-piston engine 
3. Experimental results 
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The experiment is performed to investigate the generating power of the linear engine under the effects 
of air gap length and electrical resistance. Therein, the air gap length is defined as the distance between 
translator and stator of the linear generator. To change the air gap length, a thin plate of 1.0mm is added 
between stator and engine block. In the research, the air gap length is adjusted from 1.0mm to 2.0mm, 
while the electrical resistance is varied as 5, 10, 15, 20, 30 and 40Ω. The equivalence ratio is fixed at 1.0 
by fixing the air flow rate and heat input at 90lpm and 5.88kJ/s, respectively. Besides, the spark timing 
delay is fixed at 1.5ms.  
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Fig. 2. The effects of air gap length on generating power  
In the experiment, voltage (Vrms) and current (Arms) are measured at each electrical resistance which is 
adjusted from 5Ω to 40Ω. The generating power is defined as a multiplication of the voltage and current. 
As can be seen in Fig 2, the generating power is increased as the air gap length is decreased from 2.0mm 
to 1.0mm at each condition of electrical resistance. This is also appropriate with results obtained in 
previous simulation study [5]. The highest generating power is obtained at the air gap length of 1.0mm 
and the electrical resistance of 30Ω. When the electrical resistance is higher than 30Ω, the generating 
power is decreased. By increasing the air gap length to 2.0mm, the maximum generating power is found 
at the electrical resistance of 20Ω.  
In summary, the maximum generating power is 111.3 W when the experimental conditions are that the 
air gap length, electrical resistance, equivalence ratio and spark timing delay are 1.0mm, 30Ω, 1.0 and 
1.5ms, respectively. 
4. Conclusion 
The linear engine performance test was conducted by changing the main parameters such as electrical 
resistance, air gap length. The results indicated that the electrical resistance has a negative effect on the 
generating power if it over one certain value. The maximum generating power was found with the value 
of 111.3W at the input caloric value, spark timing delay, equivalence ratio, electrical resistance and air 
gap length were 5.88kJ/s, 1.5ms, 1.0, 30Ω and 1.0mm, respectively. Current work just focused on the 
generating power and finding the suitable conditions to optimize the generating power of the free-piston 
linear engine. The next stage of testing is to investigate dynamic behaviors and combustion characteristics 
of the linear engine. At the final stage, the test will be performed for exhaust emission and fuel efficiency 
of the linear engine. Furthermore, the various fuels will be used in the linear engine such as diesel, DME 
and hydrogen et al. 
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